Background: Recent data suggest that the presence of non-alcoholic fatty liver disease (NAFLD) may be linked to increased cardiovascular and chronic kidney diseases. Here we assess whether NAFLD, as diagnosed by ultrasound, predicts the risk of incident cardiovascular and renal impairment events.
Introduction
N onalcoholic fatty liver disease (NAFLD) is a clinical condition characterized by histological features resembling that of alcohol-induced liver injury, but occurs in patients who do not abuse alcohol. NAFLD encompasses a histological spectrum ranging from simple steatosis to steatohepatitis, advanced fibrosis and cirrhosis [1] .
It frequently occurs with features of the metabolic syndrome (MetS) [2] . The MetS is known to be a strong predictor of NAFLD and is a well-known precursor of cardiovascular disease (CVD), but the potential cardiovascular risk of NAFLD itself has not been well investigated [3] .
Recent cross-sectional studies have documented that patients with NAFLD have a markedly greater carotid artery wall thickness than those without NAFLD [4, 5] . However, carotid artery wall thickness is only a marker of early generalized atherosclerosis [6] , so it is currently uncertain whether NAFLD is significantly associated with increased risk of future cerebrovascular events.
Growing evidence suggests that NAFLD may be linked to an increased risk for chronic kidney disease (CKD) especially in a population with type-2 diabetes [7] . The treatment of earlier stages of nephropathy, especially in diabetes, is effective in slowing progression toward end stage renal disease [8, 9] . Thus, the early detection of precursors and risk factors for CKD is very important.
Objectives: To identify the prevalence of NAFLD and to assess whether NAFLD is associated with an increased incidence of CKD and CVD, including coronary heart disease (CHD), ischemic stroke and cerebral hemorrhage.
Patients and methods

Ethics
The study protocol was approved by the local ethical committee. No interference with normal routine patient management or invasive medical procedures was required by the protocol. Investigators decided on the treatment that was in the best interest of their patients.
Design
This multicenter prospective observational cohort study enrolled 1150 patients between January 2009 and February 2010 with normal or near nor-mal liver and kidney functions, and without overt protienuria or history of cardiovascular events.
Exclusion criteria
Patients with (a) previous history of CVD, including unstable angina (UA), myocardial infarction (MI), coronary revascularization, ischemic stroke, cerebral hemorrhage; (b) previous history of overt protienuria, or eGFR < 60 ml/min/1.73 m 2 , or were receiving medical treatment for current kidney disease at the time of their initial examinations; (c) with known history of liver disease including viral, genetic, autoimmune, and drug-induced liver disease or those with positive test for hepatitis B antigen or hepatitis C antibody; and (d) with a history of alcohol intake or cancer.
Prior to starting the study, the objectives and methods were explained to all patients. 
Evaluation of patients
Follow-up
The patients were followed up periodically every 6-12 months for a period of three years, for the incidence of cardiovascular and kidney events. Cardiovascular events include CHD, ischemic stroke and cerebral hemorrhage. CHD includes UA, acute MI, silent MI and coronary revascularization. CVD was confirmed by reviewing medical records of the hospital and electrocardiogram changes. Non-fatal cerebrovascular accident, confirmed by medical records, showed new-onset neurological symptoms lasting >24 h with diagnostic imaging tests (computed tomography or nuclear magnetic resonance). Kidney events were assessed if eGFR progressed to <60 ml/min/ 1.73 m 2 and/or protienuria.
Statistical analysis
Data of each patient was collected in a special file, coded and fed to the computer on a statistical package using SPSS software for windows, version 18 for (SPSS Inc., Chicago IL, USA). Descriptive statistics were done including mean, standard of deviation for the non-categorical variables and prevalence for categorical variables. Continuous variables were evaluated using t-test and categorical variables using Chi square. Logistic regression was used to analyze correlation between the incidence of cardiovascular and renal impairment events and NAFLD. P < 0.05 will be considered statistically significant.
Results
Demographic data
All 1150 patients in this study had normal and near normal kidney function and no overt protienuria or history of cardiovascular accident at baseline. However, only 747 (64.95%) of these patients attended and completed the follow-up examination, and were included in the final analysis. In terms of demographic variables, eGFR, and NAFLD status, the patients who completed the follow-up examination were essentially similar to the 403 (35.05%) patients who did not attend the follow-up examinations. (Table 1) .
The 268 (35.8%) patients who fulfilled the sonographic criteria of NAFLD were predominantly smokers and had significantly higher BMI. This group also had higher systolic and diastolic BP. Patients on antihypertensive drugs were significantly higher ( Table 2) .
Diabetes mellitus (DM) was not significantly higher in NAFLD patients with higher HbA 1c but duration of diabetes mellitus (DDM) was longer. Patients using oral hypoglycemic drugs and insulin therapy were also significantly higher in the NAFLD group (Table 2) . NAFLD patients also had significantly higher levels of cholesterol, LDL-C, triglyceride and liver enzymes and lower levels of HDL-C (Table 2 ). Cardiovascular events were significantly higher in those with sonographic findings of NAFLD (50.7% vs. 23%, P < 0.001) ( Table 3 ).
The baseline characteristics of patients who developed cardiovascular events during the follow-up period were: older age (59.97 ± 10.92 vs. 47.25 ± 8.92 years. P < 0.001), more likely to be male (59.3% vs. 43.9%, P = 0.006) and more likely to be smokers (24.7% vs. 17.9%, P = 0.03). The incidence of DM was significantly higher in those who developed cerebrovascular events during the follow-up period (71.1% vs. 51.1%, P < 0.001) with significantly higher HbA 1c (4.44 ± 2.98 vs. 3.14 ± 3.16%, P < 0.001) and with considerably longer DDM (40.53 ± 31.91 vs. 27.56 ± 30.66 years, P < 0.001). Also, the use of oral hypoglycemic drugs was notably higher in these patients (63.4% vs. 45.5%, P < 0.001). However, the level of FBS and the number of patients using insulin therapy did not significantly differ between the two groups (108.48 ± 16.70 vs. 107.32 ± 17.08 mg/dl, P = 0.91 and 7.4% vs. 11.4%, P = 0.061, respectively).
They also had a significantly higher level of cholesterol, LDL-C, triglyceride and liver enzymes (P < 0.001 for all), but the level of HDL-C did not significantly differ between the two groups (P = 0.059).
The frequency of NAFLD was considerably greater in those who developed cardiovascular events during follow-up (55.3% vs. 26.3%, P < 0.001). The frequency and the mean number of MetS risk factors did not significantly differ between the two groups (68.7% vs. 65.9%, P = 0.44 and 3 ± 1.08 vs. 2.91 ± 0.98, P = 0.88, respectively).
During the follow-up period, 214 (28.6%) patients developed renal impairment, 176 (82.6%) developed microalbuminuria, and 37 (17.4%) developed macroalbuminuria. The mean eGFR was significantly lower in those who developed renal impairment (i.e. protienuria) during the follow-up period.
The frequency of renal impairment was higher in those with sonographic findings of NAFLD. Also, mean eGFR was significantly lower in NAFLD group (96 ± 23.28 vs. 111 ± 28.37, P < 0.001) ( Table 3 ).
The baseline characteristics of patients who developed renal impairment during the follow-up period were: older age (52.95 ± 11.97 vs. 50.82 ± 11.04 years. P = 0.01), more likely to be smokers (28.5% vs. 20%, P < 0.001) and had considerably increased WC (106.78 ± 10.08 vs. 104.60 ± 7.7 cm, P = 0.022). The frequency of DM was much higher in those who developed renal impairment during follow-up (98.1% vs. 41.7%, P < 0.001) with significantly higher fasting blood sugar (110.77 ± 18.25 vs. 107.02 ± 16.11 mg/dl, P = 0.035) and HbA 1c (6.29 ± 1.14 vs. 2.47 ± 3.05%, P < 0.001) and much longer DDM (67.12 ± 21.26 vs. 17.67 ± 22.84 yrs, P < 0.001). The use of oral hypo- glycemic drugs and insulin therapy was higher in those who developed renal impairment during the follow-up period (80.8% vs. 39.6%, P < 0.001 and 25.23% vs. 2%, P < 0.001, respectively). These patients also had a significantly higher level of cholesterol, LDL-C, triglyceride and liver enzymes (P < 0.001). However, the level of HDL-C was much lower in those who developed renal impairment during follow-up (P < 0.001). The incidence of NAFLD was notably higher in patients with renal impairment during follow-up than those without (51.9% vs. 29.3%, P < 0.001). The mean number of MetS risk factors was 3.20 ± 0.96 in patients with renal impairment, which is higher than those who did not develop renal impairment during the follow-up period (2.87 ± 1.07, P = 0.003).
Correlative analysis
Correlations of cardiovascular and renal impairment events with NAFLD in addition to other risk factors were analyzed by forward logistic regression analysis. NAFLD was the best predictor for cardiovascular and renal impairment as indicated by the highest Exp to odds ratio in both (Table 4 ).
Discussion
That NAFLD is significantly associated with an increased risk of future cardiovascular and renal impairment events may help to explain underlying mechanisms and may be of clinical importance for undertaking preventive and therapeutic strategies. We have prospectively assessed the prevalence of NAFLD and its association with the increased incidence of CKD and CVD.
We report that 35.8% of the patients who completed the follow-up period had sonographic criteria of NAFLD. Of these, 79.4% had type-2 DM, which supports the results of studies showing NAFLD prevalence in the 15-30% range in the general population, its almost certain increase [13, 14] , and the higher risk of patients with type-2 diabetes for developing NAFLD as well as fibrosis and cirrhosis. Other studies estimate that approximately 70-75% of patients with type-2 diabetes have NAFLD [11, 14] .
Our major findings were that NAFLD is associated with and is the best predictor of increased risk for cardiovascular and renal impairment events. These findings are corroborated by a recent study of 10,337 healthy Korean men followed for approximately 3.5 years, showing that mildly elevated serum Gamma glutamyl transaminase (GGT) concentrations, as surrogate markers of NAFLD [14] , are associated with an increased risk for CKD [15] .
Several cross-sectional studies have demonstrated an association between NAFLD and intima-media thickness and/or plaques of carotid artery that were used as measures of early athero- [5, 16] . In a prospective case-control study, Targher et al report that NAFLD is a strong predictor for future cardiovascular events among type-2 diabetic patients [17] . As type-2 diabetes constitutes a very high-risk population for CVD, it was uncertain whether the study could be extrapolated to the general population. In a study of 14,874 middle-aged Finnish patients, mildly elevated GGT levels were independently associated with an increased risk of ischemic stroke in both sexes [18] . Among 7,613 middle-aged British men followed for 11.5 years, elevated GGT levels were independently associated with a significant increase in mortality from all causes and from CHD [19] . Studies conducted by Masahide et al. [20] and Targher et al. [12] reported that both NAFLD and the MetS were predictors of cardiovascular events. Since there is a close association between the MetS -which is a well-known atherogenic condition -and NAFLD, then the mechanisms linking NAFLD with cardiovascular events are at least partly mediated by the atherogenic abnormalities of the MetS. In fact, a correlation between the severity of liver histology of NAFLD and early carotid atherosclerosis has been reported [16] , while the association between liver histology and severity of the MetS has been noted as well [21] . In a multivariate analysis based on the model that included NAFLD and the MetS simultaneously as covariates, both Targher et al. [12] and Masahide et al. [20] found that NAFLD but not the MetS retained an independent correlation with cardiovascular events. This suggests that NAFLD is not only a marker of cardiovascular and renal impairment events but may also be involved in their pathogenesis.
The possible mechanisms may include increased oxidative stress, subclinical inflammation, lipid abnormalities, endothelial dysfunction and an abnormal adipocytokine profile [22] .
Current understanding of the pathogenesis of NAFLD implies that lipids accumulate in hepatocytes, mainly in the form of triacylglycerol, in the presence of insulin resistance. The biological mechanisms potentially responsible for accelerated atherogenesis in NAFLD may either have origins in the visceral adipose tissue, in the liver, or in the liver as the target of systemic abnormalities [23] .
A leading role in the development of insulin resistance, inflammation and NAFLD is likely to be played by excess adiposity, including ectopic fat deposition. This ectopic fat is a source of multiple factors involved in atherogenesis, such as NEFA, hormones, pro-inflammatory cytokines and adipocytokines [24] .
Moreover, ectopic fat deposition in visceral adipose depots and heart increases the expression of several pro-inflammatory mediators leading to local macrophage infiltration and associated systemic chronic inflammation [24, 25] .
The potential implications of our findings for patient care are that the detection of NAFLD during ultrasound examination especially in people with type-2 diabetes should alert clinicians to the coexistence or future development of other complications (including renal impairment and CVD). Thus, identifying people with NAFLD would highlight a subgroup of individuals who have type-2 diabetes and who should be targeted with intensive therapy to decrease the risk for developing CRD and CVD events.
Limitations
(1) We used an eGFR instead of a directly measured GFR to define renal impairment. A recent review reported that current GFR estimates had greater inaccuracy in populations without known chronic renal impairment than in those with the disease. However, current GFR estimates facilitate the detection, evaluation, and management of CRD, and many organizations recommend the use of equations with eGFR for the evaluation of renal function [8] . (2) NAFLD diagnosis was based on ultrasound imaging and exclusion of other secondary causes of chronic liver disease but was not confirmed by liver biopsy. It is known that none of the radiologic features can distinguish between non-alcoholic steatohepatitis and other forms of NAFLD and that only liver biopsy can assess the severity of damage and the prognosis. However, liver biopsy would be impossible to perform routinely, and liver ultrasonography is by far the most common way of diagnosing NAFLD in clinical practice. It has a sensitivity of 89% and a specificity of 95% in detecting moderate and severe steatosis, but this sensitivity is reduced when hepatic fat infiltration upon liver biopsy is <33%. Thus, some of those classified as having no NAFLD in this study could have underlying NAFLD, despite normal serum liver enzymes and a negative ultrasonography [13, 14] . 
